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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film forming 
method and apparatus, which can form a thin film on a 
substrate to be processed with a reproducibility and 
uniformity for a sufficient film thickness and a sufficiently 
large film formation rate and with a simplified apparatus 
arrangement. 

SOLUTION: A thermal treatment apparatus 1. which forms an 
Si02 thin film on an Si wafer W includes a reaction gas 
discharge system 1 5 for evacuating the space around the 
wafer W, a reaction gas supply system 14 for supplying 
hydrogen and oxygen gases Gh and Go so as to be mixed on 
the wafer W, and a chamber 2 having a group of lamps 9G for 
heating the wafer W and a wafer-carrying member 3. The 
wafer W is placed into the chamber 2, the chamber 2 is 
reduced in pressure, the wafer W is mounted on the wafer- 
carrying member 3, a reaction gas X as a mixture of the 
hydrogen and oxygen gases Gh and Go is supplied into a 
space Sb are circulated within the chamber 2, and the lamp 
group 9G heats the wafer W. 
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fjiBflns^x^iK *it, «. Btrf B3^J^SP{c3tf# 3 nfcts® 

H5IBSrc.**^^.t^xmfc*il,>r{t. MfBI^ 1 ©^^SCK 20 

9^-t->vN-rt©]E:^^0. 5~2 kPa<ta.Si:5«:iSlg 
rs. C<b*#®!frSIS*311Xl3:2K:i2«©fiH!S:^ 
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CiS^iiS ] BiriBJSfc>;^*:^^*&Xli{cte(,^rtt. tulB 
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[fSsjtiiS] B9ia«iaias*Ass9®3*T.-cig*s^i!iss 
fIiBJSlc;;^;^ttit&a3t3:. frtem i <Dt7;^R^miim2<D 

0. 5~2 kPa<!:)^f.SJ;^«:Dg|gPltgAj:4><ot?*>S. 
C t ?:i^S!t t r ^iS5}?iH 7 X« 8 «ClBtS©fiXMSIg, 

Ci»^ 1 0 1 sriesi;s//;^«*&SP«> iiiBii i 
^.(DW'j^m^mr^m i ©^ap^sui . mriBi^ 2 © 
**;^©^ji&fi^&8SS-rsii2©figsiigs8i5<i:. **-rs 
c t *!t#gi <t f *iS3}t«7 ~ 9 >-rn3&>-««:lBtS«: 

[fi^ 1 1 ] fiiasftv:^;^«if&a5t3:> Hiriai^ 1 <ofi 

C<h^#git<tTSi«5R^7~l 0©(«i-rtl*i— JSCC 
gB«S©^M^S. 

[Sl5f«^ 1 2 ] BfitBi^;</x«.t-g^PW. B?gai? 1 <Dtf 

X t u-C7k**fx«:0i*&-r €. *>©-cfe-sc: <!: i-r 
•5.i»*7 ~ 1 1 ©u-rnAi— :gK:ta«g®0iii^g. 
Ci83?s 1 3 ] msEmmmi^t ur. ^•fi:ji*ijKRS 
?nri/»-5*>©^fflt<\ 

f5iBMtflS©ii>^c< <t*)-g|5i&^{trsCi«:cfcD. fT 
iB?iEMil/-rK{tM=&m-r-5. CiS:!NFaii-r2.ie* 

m 1 ~6 ©t^-rn*^— iMw:iatg©fiSM:^ffi. 

m>^m 1 ~ 1 3 ©ci-r*i?!)>— ^{ciatg©^!Sii:?3ffiK: J: 

St. Fssi. ^my~ hmmtmmmi^ 
*y*mjt-r*c<!:*i#iafr Signal 41212©*^ 

*^g©Mjt*S. 

[ifsR^ie] Htria:^»^j'*u<bUTEEPRo 

[§«*5 1 7 ] mzmmm^mt. S{tis*«j^)ssn 
rc^s^w-c**). msmimoypfj: 
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1 ~ 1 7 <D(,i-r*T*>-«K:i54S©fiXli*|g. X 

is^« 1 ~ 1 3 (Dt»-rti*i— ^K:iBtg©fijag:^rffiK: 

go 

[iS^:« 2 0 ] HiliB^W^tt V * U jWE E P R OMT 
[000 1 ] 

[0002] 

ffiSlgtu-ca. 1' >-'N-rt-cse3:}tSi3ttK: 

hernial Oxidation: RTOI?© F^-fK'(b) "TS^g. 
[0003] 

s I <DJ:^rj:^m»m^mmmiticmK y- i-^fk 

[0 0 04] C©«t:^^C^^«:*fU. ee3S®RTO^© 
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•&5©«:ai?HiaMW^a. T'^Xv^SSgS. tv^- 

[0 00 5 1 -ecT. 2p:^?3WC©J:'>nc*W(ctE*t: 

nc3n/ct®-C$>f5. l!g*!iSS^^©®BS©)3aiK:*ji,i 
-C, +:?>^d:K/¥©S3^ttRC/i^— ttMO"«:+:»-(C:^#>5: 

[0006] 

[siiii*)B^-rs/c*©¥S] ±esjs*wffrsfc«> 

cc« *^?^#e>i*. ift:t.if3?*Sfefc. <s 
i ) mmicmimiB^^m>^<'C. '^(oi^^^mt 

tc. c©)?X«w:tei:t5®?'fbSSc;©ras;^1«K:ot,irM«: 

20 ttffl) *<JSJS«cre#-r*C<!:> sex. 

[0007] T!S*3%. *^B^«:±6)?SJi:^ffitt> t&m 

xmt. tS*!iffi»f*±«c, ||i©**;<i. c©lli©*' 
X t ©SfoK J: «3 X ^ol'*-- ?:lKanJtl^C H 2 ©;*7X i 

Ci:*#i!tiT-5. cn6M/EXIl. fln^X^lRO'SlE 

30 *i. saExe*sissot:«ftiaiast*©^H*i^C/)t 

SJJ:*^:^#^if^Xli^JI-^W(C|©5SL/-C«i!!iaSi*± 
K.ij7.m^^^T':>X^!;t-ii:^<OEEJ3=iWiM(OEJ3i^OtJ: 

[00081 C<OJ^'} rj:fiSi.m^mcisi.^Xii, tS^ttSS 
m±l^m-^ 3 n S J: ^ S tifcM 1 RO'm 2 ©;*7 X 

jji. mBM&t^<Dmmticj:r,x, immmiio>,s:^±-^ 
•rJSJCLf#-5. cnK:j:«j. a^©{b:^6c«tt«cjsi5 
a (^b^fl^ffittffl) *5^s*5ssf*©iS±75r-c^L, M 
to®»**®*«cn6©fb^Wjgttatci@§ti€.. it^ 

n. i<Dmfmm<om*. mmm(Dmm, -fb^ 

[0009] C ©Sl&«. WS!M^<Dl^Mift^"^^^ «C 
rtSB'^MTb. teMa»{*©«fficcjgit;^fiSti*ie.fi£-2> 
BffS©/13*Wr.5)S?MJ!ii?^^3nS. -eUT. C©s£ 
l^:^4?«Et«.«-CllJfe^ -5 <!: . ■e-©fiS«OJ5lott*iiS 

( 0 0 1 0 ] sfc. isj!ftas{**sss$n-c c<omm 
50 »(*43£f#r-5$^siii. c©aataaaf*K:*h6iL-cia 



5 

mtfyi.mt&jomifCtsi,^xit^ m 1 00^x^0^112 ©**;^ 

<Dm.1xM^ii^lt> 6 tx S , 

C 0 0 1 1 ] § ^{c. WSJMRZJfS.J!5.^:^^xmiiC 
©EE:^*0. 5-2 k Pa (*tf4~l 5To r r ) <b!& 

[0012] *fc$?,(c. Slc:*'xttJ&Xfi«. HI © 

m2©;</X<!:l^rKfg^X=&ffll,>^.i»*L/ 

C©tS-^. j^l ©**X*il?{t$n-Ct,»*>(<»>-5.j^J^S 

-e©ISS. M^©SCc:.CCJ:»3SfeB5ETS^fc^WrittS 

[0014] Mf$micu. m 1 <Dtfy^f}^7h.mtf:^'c$3^ 

[00 15]^L/r, Tk^^'XiK^^XiOSlot?^ 
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^■^^{b-T'a-feXictbL.-C. S i O.M©fiKJSiSe*i*S 

[0 0 16] J:<3Ml*e«Jtc». l!S*JiaSi*iLr. ^{b 
fc-g|5€r^^b-r.5C<i:tCj:0. SMi L--CO^{bK^ffJ 

P«ri?fbf 4 i ^ feti^. i^*©i1-SI5jt^^{c J: S e» « 
hK{b-C« : 

2) S i 'i;xyN'v.©Ai^A*5:A:#<'&ot:S i •J^j.-'nK 

[0017] IS/c. CVD (Chemical Vapor Depositio 
20 n ; it^^md ^. «F{CiifSC V D ( H T O ) ^ 
^{CJ:D. mtfONO (S!-{b)IS-^{b)S-ffi?{b)S) ^ 
it© J; ^;^c^)lli«r}g)iS3 S/g^mWJlL/ 

SB©;S5©tfp.o#*5^**x-rb*'J, ?:©J;^^cM 

j?©i3:6o*{cj:o. 7=-'N'-rx©mi'fb*^e.g*5ns 
aMfbJc+^JcMiS-ctrJSCiSTiSA)?). !^«::«lS{b3&s 

30 [ 0 0 1 8 ] C ©<fc 5 «cSf3fe©*;S{C*fLr . Jfc^Pt? 

Bmri><DK.. M{bMS»*K{b-rS. -:>*ip. ^^bM 
€:«aU!&l/^. *fc. ±iaONO«ag?:JBfiS-r'5{C«. 
-e©±tcSf*© HTOSK:j:-5-cK{bJg*«®$-f±n« 

C©J:5CC. H®A^6^£-2.S®?:fl5)?S-r.2,©{c. 
a)lXg?r-|ltf^/cWr*0. )W14^(*iCtt. HTO 

#5., m)a©si^bit^ <^{bir^«jii©fiSjii 
40 mm) *its®K:iS]jisn. ao. sej^©-?* ^» i-mitj: 

[0019] *#e?««:<fc^^l^z»(*S^g©5!ijt:&fi6 
50 mic^omitiinh. ctuc^i). ]gJ50J^-ti«:®n 
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mums. 

[0 02 0] S6«:. iiSfiD-Jx v.hK^ta^HTO^ 

[002 1 ] se.K:. i|i^t*iig<!:L.r. nmf-vm 
^rswatmmttimm $ nrj^^s n/c^ji^i^ 

:ai*e^fCt±. EE PROM (Electrically Era 
sable Programnable Read Only Meraory) O^S^.iC^ >^ 

[0022 ] mmmm^^mm^m-f * e e p r 

[0023] S fc. *^Hjtc J: *^BicD 
?g[j?i®»*±{C, |pElC7)*'Xi. i^l<D**::^<tO 
[0 02 4] ijysa*f**iS:S^*atC©tSA!i. 

jtaJSiSPi: 3S:^«cSJ# 5 n/cMiiigi«»i ©race . ^ i 
c 0 0 2 5 ] sfcs etc, igjE8iJ«. t«y5!ia««:<7?a 

ffl> >■'^*rt(^E:;'7*^0. 5-2 k Pa (*^)4 

-1 5To r r) <b)&:-5 J: -JtciSgoitl^^jO-CiSC: 
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X©^S=&iia^T.5M2 ©iiSfflsEIMaSi ^Wf S <!:» 
tor. 5f$0<l3:»WK:*«ll^?::ff-r4^X. It 

[0 0 2 6 ] «siaasi*«. mim^i^mstix 

[0027] tfc. ^n^MOmmWI^mit. *^BJ«C<J; 

pflfciBssnfl-p^fbiKRuiK^bissrwr-smfisraffiiS 
[0028] c cr. mma^mmi. mm-y- hmm 

^FtcEE PROMT?* Si. 
[0 02 9] 

[ 0 0 3 0 ] El 1 tt. J: SfiS0ilB©»i8i&ll 

■C*0. •-^-Xg|J2a. «g[l2 bRa'Mg|J2 ct?fi?SS 

[0 0 3 1 ] C©5^i'>>'N'2F*?{C«. S i '>i-'^W^:3^: 

•5i-'N3S:^8W3tt. '<-;^^2 aK:'<T'J>i/4€::<> 
Lr|51|gg^5EK:lRf3ftWP.tl/cnM:'U-A5<b. c© 
R(g}7U-A5©±ffi(CS9:W6nfc';>i^7 U-A6i 

». s i •i'i^NWcx.yi^giJjiijSiJt^ns^jfffliagpe 

a*i}Bfi£3<iri^S. CC-C. S i '?i/NW3!iS't;i>'N3S: 
mB«3tc3msn/ctfc1§ 02#M) -c», S i -^x 
^>W©a®fflI{C. '<-;^BI52 a^■?i/^3^ftSW!^3<!:S 
i •i»x^NWi-CH$nfc^PBTSa*JJ^fiR$nS„ 
[003 2] */c. '<-;3lg|J2 a©Ta5tc«, {fiil^OjK 
(0^nH*r) (Cj:0^ + >'''C2rtK:tailS$n/cS i 
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■t7X-'NW^r-i7X>'N3tft!Fg|5W3{C3tf#$-tiS/c:i6<D'; 7 h 

a5ivt7*ii9:w6nrt»i). c<d<)7 \-mt7M. 

I^W-€-®-7>:7'fflSCgi5Lw*/M'rS i •>J:.-'^W«:e^ 10 
e>iiS. tfc, '<-;^S152 aKtt. S i ■^;x^^W<!DSS 

[0034] *fc. ^i'>.'<2©ffliISg|J2 b{C{±. 20 

1 2iii3xmmn i 3 i*s*frsiu-rg:W6n-ri,^ 

;<^xetif^P 1 2{CW. 5^-t'>>'>-2F«gCC*JW6S i 

^'>(^m^ri>tc^(DwZ'ii:^mi^mi4: (m^©s3 
*sgii5snri,i*. — tfxmmni 3 tea, 

agPal S b F*?©;</X 9^ f 2 ©JI-SPKlgf ffl-T 5 fcJt>© 
Jao:</Xptb;g 1 5 (MKE©a3#M) «r^^r-5*J> 

tJ5^-f>>'<2rt©3gP^Sa. S b5:!g«BE-r-S>4>©-C$> 
[0035] $e.fC. •<-;:^g|52 a©R}B':7'U- h 1 1 

1 7«:«. |grasart®jtf;:^*5^i'>^<2©i1-S5«:gfm 40 

[00 36] SfoS etc. R?f57'U- h 1 1 ©JSi^iCfc 

M-2 0*!|9:t:»t)n. c©??^2 0©rtfflI«C5!/;^^P 
1 6*sjf5fi5Snrt,^.S. RJK-T'U'-h 1 ICCfeti 

r-e-©"ii'M»6^/xetjgp 1 6 ©s>pffflijtc*)-rA>«:-rn 
fctistc^fy^Sfmp 1 nfimmtti. ij^iSkmu i e i 

tf^mmu 1 7 i©Fai«:-fe>-;fS:gM^«5g:W6nfct8 
fiSti^Co-Cl^i. cntcj:*). **X#tif&Pl 6*>6^A 
?nrcjl^^;^GkB. 1 l{C*jl:f&-fe> 50 
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[ 0 0 3 7 ] S 3 «. SI {CTnTM^ittSSIS 1 «:*5t:t.5 

*f^m^& 1 4 a <!:Bi^*-;^^i|&g|5 1 4 b <t *{|x./cfe 
©■c&s. *S*^;^«i^l 4a». 7l(.miJ':^mi^2 
lai. 5^ + >>'>'2©//;^^P I 2 <h7klR;'/X#t?&i!g 
2 1 at©ra{cSW6n. 7K^;«/;^«Js&iBi2 1 a*^6^ 

ras brt«:fiy&sn5*f^:*fxGh©sfen%:i-> • ^j-^ 

^S-'<il':/2 2 at. ■€-©7k**';^Gh©ijita*8lM-r 

23a 1 ©aESPiMSll) i^rWUri^S, 
[003 8] SEfti. mSiff:^mt^l 4bit. m^tt:^ 
^i!52 1b<t. ^i'>.'^2<O0:^miS^ni 2tmM0 
x#ijs?g(2 1 b <b©F^«:gg:W6n. ®lg**::^^i®2 I 
b*>6^ras b l*gK:flii^3tlSK^*f;^G o©iign*:t 
> • 3j-:7-r-5>'<JU-:^2 2 b i. -e©^:*/:^ G o ©fiSfi 

*iia^-r*MFC2 3 b (ii2©iiiBai)iysssi5) t^mo 

*U-C. 7k^;«/;^#fet&8|5 1 4 a iKfS;?/;^^*^ 
S|J14b<t5i. ^N';Ur?'2 2a, 2 2 b i^'X^P 1 2 

sn-cfesp. ;<fx«*&pi 2iEB>r©c©g^gpK:*ji,> 

r. *3R^;^GhRc;fK3R^;^Go*iS^3ti. SlS^ 

XX*s^F^ S b f*g{c#ii^^ti.S J: ^{c^c-o-Cl^-S. 
[0039] —5?. SlE)</XSf mm 1 5 (i)SJE3|J) «. 
^■p>f^2<OiS7.mm2 \ ^K.mm^nfc:f\y'jlyv^ 
>^a-^^/'^•;^•7' (JWT. rpcvj il^^) 2 4<»:. 
C © P C V 2 4 iC^i^ S n/c:t<> 5 0 <!; * W t/ -C C ^ 
4. jj«>::^5 0», Xi'-7-'<S c KSi^^nrfcO. 35 

FbIs brt*>6gfasnfc:tfxaxi'^/<s c'v.)iie>n 

h. ■ 

[0 040] sfc. ig^;^fx«it&,^ 1 8 (J. mmtiyf.^ 

1^m2hm^mM:fi7.m^m2e =^^lyJ^2<Dii7^. 

mt&pi 6 icne.©**xfiy&iig2 5, 2 6 i©FB^{cs: 

Vihtl. Cinh<Dti^m^m2^. 2 6*^6^^15 art 
{ce^^3*l^>tS^//XGk©Mn«:*> • 3f-7-r6>'S;l/ 

7-2 7 i. ^Tiis sinvzm^iin^Wimii:^m^n2t} 
x©ijfea%^n^n*ir(ai-r-&MFC2 8, 2 9<b4#G 

[004 1 ] ffe*. il^*'Xgf tij.^ 1 9 ^ + >/^* 2 
©;!/Xgfttiai 7K:gig^Sti. ^Fa1SartJ5i65^-t'>''^' 
2©?l-gBK:gFHi$nsx/x©?Sfi*5ia^-^4^- h';i'-'f 
;l/:?'^Mji.:/3 0 <k. c©-'<jU::^3 0®-ycWJ«cS5^ 
Sn. ?gPB^SaF^*iegPtB$n.2>:^fX©SSn5::i-> • :t 

yri>^f^>\^:fZ 1 <t. c©i-'-tJU:?'3 i © -;XffliJ«:a£ 
nK.W^$in.tcMm'^)^^Z2, 3 3i. ffiSj>'<^I/:r3 

>;7n--rf-ir (JWT. TMFMJ it*^ ) 3 5 i^&W 
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n 

(0 042) ffl^!l^/^•;^>^3 2RUfMFM3 5 i^i'^M 
S c t(DNi<DiJ::^mm$m'iCit. Sfas art*^6Sfm3 

n.2,^xct3©Kigisa*t^ia-r€>iga-fe>t»-3 6 
/E.nri>-s, sfc. 5=- + >-'^2©^;^gFffip 1 3 ipc 

C0 04 3] ±fE©MFM3 5. i^H2l/-9-3 6. 37 

&c>'E;'3-fe>iJ-6 o©^mfii{j. mmm^t bxpmm 

3 2. 3 3<OBgBfl«:^0^^*ft:8t>©Jl->*7<DA*;^ 
y 9^3 9 i. 3^a©-7*a-b;^t»iSi*iiiSft^-^"?>*^ 
S|J4 0<i:*!msnt:i,».S. «IJSPSIg3 8». MFM3 

5 . iSg-fe 3 6 . 3 7 cr>&*im(t-^Sc;f A:*j:^ -< 

5^3 9(Dfg7i^it^AiA:^j3n, cne)CDe^K:«l=.rBlf 
3e©i!aa^:?ft\ -?■©^aS«S:^^:^^l-^<i:l/■CMFC 
23a. 23b. 2 8. 2 9 ^ W^^^fi'^S 2 . 3 3R 20 
C;f^irg|J4 0{cHl;b-r-2). ^fc. m^L-Cl^tt^.^*^, U 
iSPilg3 8«. 1g^<DSg-b>-!f 1 Orose^^mffltCS 

l&St5SSi53 Sat. ^iBftv^Jl/T-m^SPS 8 b t . 

s^:y;^«if&ag:sa53 8 c :/uiz^m7 ■ 

»rSP3 8 di^WLz-Cl^S. 

[0045] * -r. J5Ic::;t/:^«*&SSSSIJ3 8 a rS 30 
K42>-t^3 75Lj>'/X«E:^-fe>-9-6 0©«iaifiifCSt,i 
r. MFC 2 3 a. 2 3 b5Li>'!l<>7"5 0 ^ 
S b F*i S nSTKSR^;^ G hSC/Mm^:^ G o O 

:^7XGh<!:^:t7XGo<b(Dil^SlI^ m*j7.<J>^in^ 

i^tciiissns. sic:^;^«*sitia:3esi53 8 a 

©tSfig«. SflWSaS 8r«J^d:< . MFM2 3a. 2 3 
bsc//'x«'l<>7'5 o«:S:w-c^><fc(,>. 
C 0 0 4 6 1 S /c. *SSft/<>'U^^^t9!ffiSlJ3 8 b «. A 40 
;t»;^-<' v3^3 9*^e.©J&*ft-^*«:i-7(D<i:^«:«. wmi 
j^)v^3 2 iiiBi/^;u7*3 3 ^mmmicr^j: 
^^cs9:S^t-^^:fflS^J-'^•^^^3 2. 3 3«cHi;^i/> Ji^ft 
mfi^xot^it. m9}^<J\^:f 3 2 irmiXm. 
^3 3 ?:BgtmK:-r-s J: ^»>i5g!^^f^f:^i^ft>'^•;^•7'3 

2. 3 3Ccai^J-r.S. CCO^-5CCA>3X-f -?5^3 9i&:t 

> • *yicti>tcitvmS}^^J\^:/3Z. 3 3©gHEa*«S 

[0047] S ?>tC. ig^:^/J^fltif&SS3£g|5 3 8 c 
MFM3 5©«^UHiiCC»-:Jt>TMFC2 8. 2 9 ^fiJiW 50 
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a(^«:PJ&3n.5!l^;«:/>^G k©ziS!fit^FBl S am^e 
!£(i#^4fiR0rMFG2 8, 2 9CCtli:;'3TS, 'Sfc. 

m^^:^m^m.w^^3 8 coomii. fiiiaiiig3 8-c 

W?C<. MFM3 5X»MFC2 8. 2 9 CCSCtrfc J: 

[0 04 8 ] S/c$5CC. :?-n-fe;«L^tf • '4'±*iJ»tS|J3 
8dW. tSS-fe>1^3 6. 3 7&y:jI:^>-fe>-^6 0©S 
^ttJfii{cS-:J#. ^F^Sart5!>^^gfl±l5*\-S;*/XH3©^ 

r^<. yn-b;^i*i±<t#*MFC2 3a. 23b. 2 
8. 2 9Kai^JU. ?-i'>^<2F^K:<f>^*iei*&SnncO> 

[ 0 0 4 9 ] iniJL-c. ■fa-bxmn-^±mm^3 8d 

g|54 0«:4>aj:>7U. 7"U-fe;^ip±m#R€:«?KSP4 OK^ 

(D-7-D-feX^jhfi^«:S»nSHl7>:^9(ciifmL.. ^TT© 
»ai^ 5 > 7* 9 © til;'^ =& * 7 «: 0 r t> J: t ^ . 
[0050] i^tc. 2|s:^BJ©^M:^(Cfi^-Si!fjiite||]5S 

[ 0 0 5 1 ] S-r. rtg|53W:p«i4:tf;^^Tg«IX»*g 

Jlisnf<i?--f >^N-2i*3Cc. MiSn^Kf h min-it-r) ^ 

LfctfeS. ttit)^. f^)l-:/2 2 a, 2 2b. 2 IJRZJ^ 

>^-«2i^*iEiE-r6 (JSffixe) . -eur. «i^©jisigi 

^S(Ctet,»T«. ^tVT-S 0?:SB*afEUTMBEtm«: 
i»}#-r-2.. 9^■^>>'^•2rt*^Bff^©BE^iAJ:-,y^:B#,^.■C. 

^g|Ifvt7«:J:0 3*©3a#t•>8«r±3^^^t:s i 

>t»x>'>W?rf#^±tf. ^©m. 3t}#f>8?:Tl!$?-a-C 
S i ■?i/NW4'i'i''>3^8|S|vf3©y>5''7 U-A6± 

[0052] •'XK.. ^•i)l'rf2 2a. 22b ^rgg*. 
J|g3 8*if.MFC2 3 a. 2 3 b CCB(TS©?3SS^ff 
#^&3^U1 0 -C 5^ -f ^' 2 F*5©^ra1 S b iC*^ ^/X G h R 

c^^:^xGo*is«?e«)fc«it&-rs (jSfc;#x«*&x 
sti. sm*fxx£ur*ja£©tfc!g-c^rasbrt©s 
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CO 0 5 3 } — :?3. 7 . 3 0. i>'<;U':/3 1 . 

SO\ fflIft-'^Jl':?'3 3 5:13$. fflK)-'^'J^:7■3 2?rHG. 
m£IS3 83&>e>MFC2 8. 2 SKlfilT^tOiSSSSSSfi 

miMtii t T 5^ f ^/N- 2 rtoj^ra S a icm^if:^RV'm 

«. S i ■?J^>'^W<Daw?«:J:^)^MW^c&m««:^S^^ 
C0 0 54]^L.r. MFM3 ScD^^UHB^gmLJ^cAS 

^rBisart(c«j&3ns;</x©fisa*s^rasa*i€> 

cntcj:*), >i;x>'^3^^g6^5f3<!;S i ■^X-'^W<!;<DFaK: 
[005 5] iXt-^t?. JiaS<D;^<^;yxGh. ®#**XG 20 

oS:i>'?g^*'xGk©pj^ici«i§iB${c, mm^st (.m 

[0.0 5 6 ] Si '^x.j^wayus.amMum.K.mti) 
^Kis bcctettss i •5x-'NW©±:^rsjt6::</xx 

«n!iicne.«!>ft^K:J:-,t:i®S.n-5. C©i#. Si 30 
.i;x^^W^^^^r•5. S i i^aliOS i - S i JS-^*S|ggi 

fe^ftsiDiJs i ■i7x/%w(Z)^ffi*>6F*9a5'^«f ors 

[0057 ] — ^Fa^S aCCJsWSS i •iJXv'NW^S 

{cfc. ^mmimv$>^u'j=i>m.mm (s i o) © 

#**m-5S i O.JS*sj^fiS6Sn.5. cot*. 3E«I 
(fJicXtl^^'i y^3 9^:^>iCUX, ^Saf*?*^6gf 
tBSnfc;!/X*!SMFM3 5=&aSJ:^«:-r-5>. cn«Ccfc 

?^rais art*ie>gtI±i^t^■2>;^/X©i^^^S^^ras aF^ 

<fc^«cii^*'xGk©«$&iiKa*^aa&fi^tc$ijiisn. s 

[0058 ] -e©^. BlTSB#raigjabfcB#..^.-C. S i 

?:^:£©■;;x/^te!tBias 750*0 ttjih^ 

^IX.mmt^t^liC, *fJia)i^3 8*»P>MFC2 2 a. 

2 2 b. 2 8. 2 9tCd£a**n(i-^*i3SHi5tl. 5=-*> 50 
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>'^•2F<^'^®?km:<7XGh. ^:«/XGoJiO*il^*'XG 

k©et*&«r<#±-r'S. s i -^7x/^w©iga*^•;'X7^}i?t^ 
i >5x/^w=s:f•■^'>-'<2©^slJccB^'^a^•r. 

[0 059] cc-c. 7Hm*f:^Ghtm^ff:^Got<D 
*fXGh*s«5j3 0 vo l%J£Lh^S4^SifiSMjI@[*«+ 

fete. 7ic|g;tfX Gh U < « 3 0 V o 1 
%7km. iOS?SL<{3:0. l~20vo 1%. 

[ 0 0 6 0 ] s?c. Si ■^/x-'^w©as (RSflisg) i 

«. 7k3R:<f XG h iiWmtfX G o tWig-^SO^tC 
«(fSL/<». 800~1 I00"C> J:0!if*O 
<»85 0-l 0 5 0*CT*5<!:jtfa-C*^. ^Rj^SS 

[0 06 1 ] $6{C. SK:tfXX(D:^JE. "T^'jrtofe. ^ 
K S b |^©*IS^X G h Si:mS:^*X G o ® 55-BE©^tt 
tl^-CK. JfSEKWO. 5~2kPa (*5)4— 15T 
o r r) . J:0*f*L<«0. 7~1. 7 k Pa <i^5 
~1 3To r r ) . !NF«:»*L<{iO. 8—1. 5kP 
a <i|^j6-l 1 To r r) V$>^ tttf C©BE 
t)*iO. 5 kP a*?S-C*-5i. +^^c;?S)®3lS (StE 

j;*^) 3!isf#6n^ci,»s<t'(C7j<^*?xGhRaf^*fxG 

*mrt^m\sit^$>^, —y;. ±.Mz^t)iii2 kPa?:© 
^Lxh. ^mmm. (siojsi^) ©<g;T*sip.«i?cs«isi 

k:*S. cn«. {t^a©*SSH'Pffl«:j:^^rg*sgH© 
[0062] Ji(±giag b/c<i ^ 1 . RZJf. 

c(Dmmm^m. i ^m^^tcnmumicj:mt. 9- + ^^■c 

2|^{CiRSE3nfcS i ■5x/^W©±:36'(C7k^^XGh t 
®!3R^fXGo t*5il^3n-C?jSjlSn-5. S i ■?x/^W 
«*nM-7>:/9*»e>©liWI^«:j;^-Cftn^$ti. S i -i? 
x/>W©ia±-e». 7k^:tfXG h tK^^x G o torn 

tt^cSTES (it^mm^m) *s^fis-rs. s i -^x/^w 
^a«. cti6©^b=¥:fi*)?S^a«:aS3n. S i ■i7x-'>w 

S i >:7X7NWSffi-Ctt. S i - S iiK^*i^gtL/. 

[0 06 3] C©t^> 3 i ■?x>'NW©iiL±T©i^^)S 
tc.{c*iHL-r{b^fi«jr£ttffl**W-r4x^.;u=*^-*^ s i 
- S i tS^©fl?gti5lStc{^-5 3n5t^^€>4a. -eciS 
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s i o,P,*5Wffi*>e>i*3gi5«:[^*^orRXgT-5o 

[0 0 64] S i 'i'j:->'>WCDftB:^ft: (-'n'^U^') 

IjXMStifcS i 0,Jg©i®Jl©i^-i4SO'S3tH4*5 
+^{C®ti/c«>©<b&-5. Si'?x>'>W©i£ 
±> S i ■i7x-'NW©mia^-C*^*';^Gh<bK 

JrS-;?:.!--' hK^t©J:9<i*8«lj^*i'i:^/3:t>, lUfiUc. 
ee^©7 y *;1'^k: J; 5)lXK© J: ^ tc 7 5^ *;u?:^^ 

[0 06 5] L.*^*>> J1-aJj^ffiCC<fc -S hK?{b© 

Ji-^cc^ ®!'fbH^r*)S7k^s i -i/xMW^i^gtn/cti 

gf-C^3#TS i •i;x/^W±'N^jMU^CC>©-C> Si 
l!iil<Dfti-t4{cmagjftJi€rRR^-r-5©«:+ 

[0066] SP>«:. 7kSS:</XGhtK^:</;^Go t© 

ii-^SH^iUr. ;KJ8:^/;^Gh5:i^3 0 V o I%«±^ 

tfj:^«c-rn«, fiRiijiSj!>«+»(crsj±3n, s i -^x 

/NW©K^bMS5fiK{C*jl:rS^58[|**iif«>4 C i*inrftl 

i^cS. 7k^:^;;^GhOjg^Sl|^^3 O v o l % 

T*5©-C. MJl'^©*tft««:@n. i^— 14(C®n/cS 

[0 06 7] Sfc^^tc. S i ■i;i^NW©SS (fiJclita 
S) S8 0 0 - 1 1 0 0-C<tf titf. fiKMjIS*S5i*K: 

|6]±3nf#-5©r. s i •?xy»w©K{bJg*ttffi«:*sits 

40. 5~2kPa ($«)4~1 5To r r) i-TSCi 
?,n■S<i:i^>^c. {b^Wr5t4aPI±©ffiSl'Pffl5cj;?,5^ 

[0 06 8 ] 0*»4>. ^Sart*»t>©:«/:^<OgfHififea 
AS^gr^^S art'>-©^^^W*'^©«if&SSaJ: <^i>^<rj: 
•&J:^«:/<JU^3 0X«MFC2 8. 2 9 ^r^f^pr^) J: 
^(CL//t©-C. SgraSaF*?©il^^XGk*J2Ig|Sbrt 
K:AOJi^t?S i ■i'x>'NW©S i 0,fli©fiS^(cSK^ 
«RlS-rc«t*i+^{c|f*jLh$tl€>. :^X«*&P1 
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1 0 (rm^^icmm'mt)m& Lxh. ^oy^mm-n-^ 
i-i^ccijSsnrAfxgMpi 7*i6gfa3n.s. j:o 

[0069] i^MS^S 1 4ffll,>/cR£^:&i*«cO^ 

aiLfciiJS?f5Sg©sic;:^/;<«-=f&xiiK:fcw ^,fism»]W© 

|gp§{cfe(,»-c. SJt;//^X'^©*IS**;^Gh©^Wfi|^ 
10 4*^?^ V o 1 % i lx-CfiSflijta[4fili^fctt,^t?|?B©^ 

2 3a. 23b 4*IJfflJ L , S b l*9©SEc;:'/X X©i& 
EE4-StC^^L.-5-3. *»*fXGh©$^ff*«^*i*^j3 
0~3 5 V o 1 %i^c«J:^«:. i^^iJ7.Qi\imsm^ 
;t/XGo©JS;a4^{b^-»f-2), coil?. *nSfe^>:/9 

[0 07 0] c©j:5&EKM:^ffi«:J:n«. S i -J^x^a 
WWMCi^— ttfC-StMtx/cS i 0,)14t?€r-5it 
feCC. Wffi<i;'5I^S|J©fia!i©^IIi2a€r*i?«cS1±-C^<* 
20 o«^4ifiiI{c^-r?#*, ^JS!l*©{gT4 
S< c i)^ < . ®n/c!m44W-rs^®©s?^bii>&f#.s 

CtAJ-Clr. C©J:'5CC^'fb^*s^Sn/ci}^«:7=-'A- 

w x©#i4Sj>'^a©[*i±*iMS:3 
[0 07 1 ] SI 4 (A) - (E) ». 2f:^W«:ji:Sifi 

1 o*'cm-'5f-ts^-) 4wrs PS© 8 

8 2 <m«IK/Pl 0 nm) . SlCJ^. CVDaaCA-fiFfS 

30 «ig©>j>aA«:j:^t:?BfiR$nfcNS©d<y'>y3> 

Ji8 3 m^ktm. 1 5 0 n m) *SSJBStl/ctSii!Mg 

(*(igii4 (A) #M) 4ig«-rs. 
[007 2] c©ta!fflgsi$o>j<';i/i;3>M8 3± 

fiS^^Fi L/-C©lg^ (Furnace) F^-C, 
ia^+iJSSS ( H T O ) <f: 0 « 5 n mfiS 

©K<b^r-f|gM8 4 1 ^J^JiXTS. ^©±tC. I^CVD 

wssmsm (lpcvd) ^va^y^ws^im^ 

{* 1 5 n xmSJD'm.VcT Am^^ 4 2 (S<bJ^) 
•rS (0 1 4 (B) #M) . 

40 [ 0 0 7 3 ] c: aMsmwn^^'^ 1 RCf 2 {c^r 

Sg-r2>. cn{c<f:»). gib^^'f^ffi8 4 2©«S(3:> * 
RUfa>»©^b^Wicr£14^j:JKf£;M ({b^WrSttS) fci® 
?n. Mfb-ir-^Ses 4 2tti©S i -NSS^AS^giU. 

^ bfciK^#^4iSr-r 5 <jr ^i^^i <b:^8«jrstta t © 

SlEKiOK^b-Jr-fSg {S i O.) *i^figSn5. C© 
^<bS^^©t£ft«ii?l«C<J; oTMb^ -C 5^818 4 
2©F*3SI5'^iitfL.. ^;gB#PB^©fiK^«Cj:o-C^{b-ir-f'|R 
50 lis 4 3 (S^jblS) imiiSi,ti\h <iai4 (C) # 
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m) . 

[ 0 0 7 4 ] ;xt,^-c. cayj:'jicmfSiStifcmittr^^ 
m&4ri. mit^ ^ mma 4 2 Rimitir^ mm 8 4r 3 
*>6fiSs</»t>«»40Noitji*wriii6i»iS8 4 imm 
rmmm) ±«c > c v d^cc j; •) 4< y -> >; ^ >f^imm 

(lai 4 (D) #M) . ccr. c®ij< 

[0 07 5] -^Hipf^. S^nO<cti7* h uy;^ bB<D 

mis.m^<Dj^ i» d^^m* . d< y y =1 »!i 8 5 . 

•^•c y > -f ^ > ©a AR!y^l^s«:^f -^xv-xm^Q 
1 0 . — y =3 >s« 8 1 ©Bf^gptc i^m^ 

■r-5 (0 14 (E) #M) . com. m^<D^fmwsi 

nfcjHy->y3>ig8 3. ssi^ti^Hnmy-i-^ 

i?^8 s^f^-r) fr-5^»^>*y i o o 

[00763iX«c. HI 5~1 9K:J:0. 2|i:#6?f {cJ:^ 

sa6fl^<ssfi!)-««rs^-rj^¥Mia-c* o . la i e i 
7«. SI 5tc7Kf S5^ti«:*it-f.5«^Kffiiar*5. 

[0077] mi 5~1 7«C7nrJ;^(C. 

y 2 0 0 lifv hoyj-i^v ■bMswmommT^'^ 
6*gfiSsnr(,»-2>. co-p<-=ey-feMJ, ->y3>««5 

1 SEOS^^^^^tCJgJlS 3 tifc N Sico V - ;^ 6 

BfSiStifcy -t -;u K^{bsi7 2 <!:. y 3 >mms 1 
[0 07 8 1 JWT. C©<l:^«:l«fiSE3n/t:T:»^tty* 

y 2 0 0 ^tfit-r-s*s©-^ij?:Ui?g-rs. m 1 8 

(A) - (E) . El 1 9 (A) ~ (E) 2 0 

(A) - (E) «. ^^'mK.j:i>^mt^^m<^i^hm<D 

[007 9] sr. PMODi/ y 3 >»ffi5 1 aMOSrS 

ijfil mTumifiiL (10 0) ©«!:&isi) ccsfiKDifflfii 
(10 0) omiji^) icm&ti,i&^iim<Dm^miM 

HBtC. Hlf5EISJ5 (m«5 0 0^6 0 Onm<DLOCO 
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S§3©7 ^ -;U KK{t^7 2 *J^fiS-r-2>. S/c. ^^-^ 

fW. (mtf 1 0 n mmm.) <0 h > toU^ftai 5 2 ?:ffjR£ 

[008 0]'Xt>f. CVD««:J:0Blf3£^J¥ (m« 
1 0 0-1 50 nmga[) ®* y i^y 

•a-. c(D*y5^y3>JS«:*fi/ry>-<:i->%3fSi«ffi 

4<y->y3>M («T. r5i<yi^y3>fla5 3 J tie 
10 r) *jf5fiS-rs (ss (A) #M) , $^tc, c(D;j<y 

is, :7^-Jl'h-®tikM7 2J:®d<yi^y=i>^5 3 5:1* 

* b . ^ FK< bS 7 2 pa k: 5j< y ■> y n »!1 5 3 
i2g3n«>J:'>{crs (SH (B) . 

[008 1 ] ^<D'ik. m 1 4 t^nk-n^mma 4 

*>^, $r. ifSISJ? (^^tf5nmigS> omittr^ 

fgH. SO\ ffSaSilOMJl (0IJ;?.«1 5nmflS) © 

mit^^mm (mm) ^n^nHTo& rc/. 

^^bu. ^^b'>y3>©-gp>&M<b'5r'rsg--i^b^3 
•tt. Mib^r-<^M±«:F;rSflS/l (M;t«5nm) ©^ib 

^r-fjRjg (M^big) '&mmri>, cntcj:*?. ono« 

jt**-rs^)«5 4*5^^3 ns, 

[ 0 0 8 2 ] Xt='-e. C©ilfcBJM5 4±K. BFfSMJl 
(mtf 1 00~1 5 OnmSK) ©si< y i/ y 3 »®«r 

fiKS3-ti-. cncc y yim=^n-:>-cmwy-' m^s 5 

iJ&SffiffiCiO'i^ y y 3 (t^T. r;j< y =j > 

30 sss 5 J tii-r) ^mvSL-fi> (^0 (O #m) . & 
*j, ^y i'y 3>fli5 5©aM{c^>i';^-7->'>yi^-f 

y'>y=j>/i^yif-'r or^xto*. 

[0 08 3] X«:. m'S.<D^^it~>'^^ti>-y * VV'iy 

yj^y=i>si5 5. ^^54. ^yj^y3>Bi5 3* 
»xs:«rl±x-^g^>d/^s (*s (D) #m) . c:n«c 
<fc 0 , ^ y -> y 3 >K 5 3 . 55 ©3Si?gi5^*5f?igy- 

L, h>^^;l'S2{bm5 2 0SSaiSI5<a[5rX->5^>i^L-fc 

fs. ?*jay- vmm^ z'Sixfumy- 5 5 ©fflw 

mSg/l (m«l Onm^ie) ©iJfb^/'fJSIS (S 

[00 8 4] ^inti^h. mS>'<3?->^WT-57* hU 
i^Xh® (SjKli-r) 5rfiKBSU7 -f-;l/FK'[bIS7 2© 
KWSPfil[€:X7 5^>i'Ufc^. KHJOfci-'y 3>S«5 

l©g|5{4K:y>RO't^-/^>?£A?rtf'>o C©7* h 

us^;:^ ^^-''5if->€:K^*o■c*»e.sNyt!ia*^f ^ cite 

50 J:»)V-:^^.1S6 l%}|5«S-r-5. mi>r. StittSJfeS 
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(E) #M) . 

[0085] -e-©a. @raf=6»)lg mih'&'f) ^^fSu 

(H2;u) 2 0 o?rf^i^r^. 

[0086] C©J; ^ )ic*^WK: J;S#^ft^g©SSlS lo 

•t>;ioo, 2 0 Ofctec^rtJ. ^vc, jfi,^M5 4. a 

[0 0 87] XLtOiX. ±iEL/cS i -iJX/NCDHSfttPHi 
{c. ^lb<>--<^M8 4 2iB±-c©l^JSraEfc^eHbr{b 

^fi«)ri14aA5q^^^i;tol,=f-;*S. S i -Nite^©)»gl 20 

8 4 2©K^fc^r-f jgM8 4 3-«er><b^^{tcDT£tt<bx4^ 
[ 0 0 8 8 ] M^bH^-e*>€.^b^?SttS». ^ 

■^^i' hmibtctku-c. st^bia^coffii&ttJiafjactt*^ 

®isbt:ilfJ6f,iTr*J«3. -e^Mm. K^ber-Ysg®l8 4 3 30 

[0089] c<D<fc ^ K. ^icitu-cmmMm^Tii 

rfcK^b-Jr-flftJgs 4 3©RRIijtg[€:|Sj±-r»S®tr, 
=i>S«5 1,81 'NCDAf^fi. -OS «3 iy '} 3>S 

©fem> '>'J3>»«5 1. 8 ICcSO^cOJfJtt^^b. 

1 0 0. 2 0 0©filH4€rrS]±-C*€.o L.*4>. mBB 
5 4. 8 4©^KB#p^€:®iffl-C§5©r. ^'^^^€:^g 

[0 0901 S£*©>^x» FKIbrtt. eSUig 

©r. (S8ST5|5©7t<U^";a>«SB^*s^^bL. I«>*-Jl/ 
KftM©?5^ASffiT-rSMlfi]K:*-5fc. CtiK^U. * 

^?g-f«> J:x!!©*P<I:b$5W(asa^^B#Fa1©^Mffi-C 
1^115 4. 8 4€:0fiR-C#*©-C. ?*i^y-h^ffi5 

3 , 8 3 ©jk >; 3 >nm(Dmt (.mFaftm rv^ h so 
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>^)mitmb 2. 8 2©^^b*+:«-{<:|f*±T?^?S, C 

ntcjro. ^}i%tt^*yioo. 2 0 0©#m^fiii 

[0 09 1 ] o-CK<b->--f^^8 4 3 

S^ber^lS^S 4 2±«CCVDj* (HT 

Oft) {cj:ori!{b<r-rsjs*fiSig|-rs:^ffi. -rfet? 

^. SJl*aJlL'-CH@1«jt*JfJfiK-rS©tCj:bOr, » 
)lTSXg=&— :>=tiS-C#.5, cntcj:«9. CVDft© 
*«:J;oTi^ife|^5 4. 8 4^0^-rSli^tcIt^-C^ 

[009 2] S^{C. tfe,#)85 4. 8 4©KJ»©«^o 

m{t^^mms4:\isi.i:fmit'r-<m»%A2o:>— 

^' 5gHi 8 4 2 ±{CMK:^'fb^ -f ^M*«Jir ^ C V D 
ffi(Cj;n«. iffiiH^I^5 4. 8 4©l^©i3:6-:>*»H® 
©JgJl©tf6-:>*&StfCii«:S. .tor. CVDft 
©*>«: J; o -OjSM^ n/cJgl^^Kitfc ss;i©isj-t4^ 

|6l±-C#5, Lfcd^or, Sfci^M5 4. 8 4©fSJ?5rJ: 

{b(c+^tcstjc;o^s. 

[009 3] */c$?.CC> CVDft-C«. MK*='^'f- 

y-f^^S 4 3 ©Ji5)jS*!iiiKfcl>r«. JjKIKSlCodiffiti 
K:J;o-C»iiSn'i>©-C. SUK©*'«:$iJ^Tn{3:j;t.», 

i>. cn«:j:t3. i|iS^)!i5 4,. 8 4©*lBi{b?:®BS-:) 

[0094] ^^Bjro^i^^cJIJSJi^^fcot^i-riJi 

<bai-0*t?fe:^j:t». SFa^SbtC«if&T^.^l 
©^:^ t UT^ >^;^3SE©^T-F«3CC7j<3R)S:^WrSW 
^!B)*?X*fflt,^rfcJ:<. ^1 ©;yxtm2©XfX©JS 

lite. 7l<m:^:^Gh tmmiJ^^G 0 t^ti::^ 

m^ai 2oiSBtr-cii^-er(c. M«©;</;^*^xe*$& 

□ 1 2*>*=)ttSL{C5^i'>^>'2rt'^^Al^-C5'f >''>*2F*3 
-Cil^-r -S J: 5 «: r t> J: 

[009 5] S?>IC. 2EPBTSa«:Pi&2tlSig^*':^G 

tT;i/=f> (Ar) ?|!©#:«/;^i©ti#^;^*ffifflur 
SFaT S b licmn^-r^m 1 (Dii:^RZ/m2<Dti:^ 
<b|^<i©il^**X<S:fflC»-Cibfiito)tci,». S/c5 6«c. 
■t.>^<2rt«CSraSa«:?gfiXf 4Ci. il 



(12) 



21 



jaof^ ^ > 7" 9 ©RO {C C Olf-fe 3»K: t - if -i?<DjlDiS5 

>'^w^'i»i^^S:}#Si^W3^cSi8aor3!)>6. ^f^^^ap*? 

[0096] iSfc. >'<;I/:?'3 0S:C»fMFC2 8. 29© 10 

ufn*>-:;^©;^awr*)J:< . ^i^tts i '^s.t\w<o 

J:5K:bt:fcJ:l,i. */c$e.«c. il^^'J^gpffll^ 1 9 «: 
2 3|£©Pffl 5 >=&SWc*s. SFta^ 1 2|s:-c«> o 
rfci:C^. aetCS/c. fgRi2>1t-3 6. 3 7«. 18^ 

[0097] ?^iSiy-h^S5 3. 8 3i^j:SiJ< 20 

K:y-XMJj{6 1. 9 IRO'KP-OMtDie 2. 92?r 

NO©3li#3S*W?"S I PD ( InterPDlyOielectnc 

) 8i{C|®6nSi©-C{*i&< , < <!: fc— o©^-fb 

[0098] $ fcs 6(c. 3f:B?g©¥©f*s?g©iiit:^r 

* 'J 1 0 0 . 2 0 0 ©SJgKPSje^ *i 30 

^Ji^^tt^-t V ICQ. 200 «:|!s;£$n-r, *^?g© 

[0 09 9] C©J:5ii5cfl6©^iS!f*^g<*:UT«. ^x.* 
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li, I PDK=&01 4k:^^^i?6i^^8 4il5j^i(;cjg)SL/ 
/cC <bm«- I^Pi^ 1 1 -2 6 5987 #^$gK:fBi£ 

©^»^tt^ ■=& 'J (om&fsm t nuv: urKit ufc:Fffl 
u 0 =1 '^mim<oR<o «c. ti 1 4 ix:9n-tmmm8 Atm 

«©«S=&iffri«5igi)S=&iBSUteC<!:«J^tt. !f$g§¥ 
7-3 1 2 39 4 ^<Zj$SOCfaig©^!f * 'J tl^*? 

[0 1 0 0 ] ^»i%tt>*>;©-fe;i'^i&<i: or 

t^*?t9)-2>, He^KUe^'^rnVM, NORM. DIN 
ORSa. AND^. NANDM. SEEQS, ACEE 

S a n D i s kM. S S TM5?©<5]n-Cfc1t*D& 
1,^ 36tC, 2f:^?««CJ:«i^«(*S^{3:. EEPROM 
m<DTm^\i.^'^'Jicm.^ti-r. *^B^©JS^:^i36«cJ: 
•:>rmSta/cmPa*fii^)!i4W-rS^>©-C*iatt. 

[0101] 

[0 102] im^miRuz) m&mmi^toxs i 
<ifes:i5rrsi. M:6rfii: lOO) 'yx.^^ (W5?&®©as: 

2 0 0mm) C:©S i •Irx^N©^®:^:*^ 

iisiwf'f >/^2i^k:irsl. ':?x.fy^nmt3±(ic 

WMil^tc. 5^i'>/^'2P«9*MjaEOtem. ^'-f >>'N'2l^{C 

i2>-y?:ffl(,>. S i ■5x>'\©S®3!>>6*S:&(6JK:6fiSfl^ 
S"JSb. cti^wSSiiJ^^fficcS-tygrs i ■i;x/^M©a 

[0 10 3] 

[«1 ]• 





s;i&*-:j^t>j^(voi%) 










2 


9 8 


1 . 3 3kPa ( 1 OTorr) 




3 3 


67 


1 . 3 3kPa (1 OTorr) 




0 


1 00 


1 . 3 3kPa (1 OTorr) 




0 


1 00 


1 0 IkPa (7 6 OTorr) 



[01041^ ur . a 1 cc^f Sicc;35f;^^ffc. 

x/>©liJl (K<fcli©J13) *i»JSL/fc. -5-©*SS. S 50 



CcM-rS^ttm^ <3 a) *)5SMlRO-2 t I>(C. 

t»^n©K^ tB#F^Riyfia!i?ae©i©^tc t o . s ^tir 



C13) 
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■5ffii/?CD¥i^ffi<Dtf 1 . 5%mr ( 3 aSISe 

[0 10 5] <tt;«?l?!llRC^2> Slo*r:^<!:L/-ClSK^ 

or s i ■i'x-'>^fficD^{bfca'&^«^ lo 

c 0 1 0 6 ] (Wcimmtmtmmsicdsrimm) m 

©K^^^-Ti'^^-cabs, L2B. -en-e 

n*is«?il 1 Rmmwi 1 ©T*- tcpg^v < ^t-^-^^ 20 

[0107] C C-C, *|6B^#iE>«, HiSfeFd 1 fcfcl^ S 
Tk^:*/;:^ ( 2 V o 1 %) *5ikr7K(c|£{k34a/ci»-&<OfiX 
Wmm<!^n-X^. — fiatCSSSnriiSOeal-CroveCJt 
iSf: B. E. Deal, and A. S. Grove, J. Appl . phys. , 3 
6, (1955) 3770) ©JSJCS^t'JU (JWT. TDeal-Crovet 

c ©SIS* cc$£ iTcJS^. 1 RUVcMM i © 
ifeBE^ff^T-rm6n6)SM2ffi©ti;'<:«. J:fcf5F!ll©J: 

©M^itK:, ^^Kl/hSCiig* <0. InmfetT) <t 
Ito/c. C©CiJ:fD. Deal-Grove-tr'JU-Cli, J:t$5PJ 

1 «:*ft-^.^^iJ 1 ©fiKlliIS©ii;*;«rltt^t?^r ^co^c >k 
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CO 1 0 8 ] -ec-c; ;^fc. iiiSfiaii&o'2(c*sc:f^K 

migaki©#;K (XBR : Y. Karniqaki, and Y. Itoh, Lpn. 
Appl. Phys., 48 (1977) 289l) (CS-^V^Tt^i^ O/c, 

S5~7ti. ^kl^k\^m.'s^^. it6s«^i&c^2«c*sw 

W> -iiatcTffiS < I) : 
D'+AD = B (t + T) ••• (1) 

D«M/1*^U. B(3:i'-7>'©&ig}|g^^-C©iiSS^ 
*/c. A/B©fii»i'7 7©aiB^l|8{c*jl:t5 

rw»jsgs?^b©i^P4ti]Efii^^-r. 

[0 10 9]— 5?. 135 — 7 {c^-rSi'^r'ii. t^-m 
feTIBSC ( 2 ) : 

t = a, + ai • x + a, • x' ••• (2) 
[^<f. t»^)»^Pa«r7Kl/, d«]^*;nU> a.. 

M«^?^». l|]5SPIlRO'2 O6R0'7) ©J^^tCO. 
994~1. 0 0 O-CifcO. J:fcS^t«J2©Ja-^tC0. 99 
8~ 1 . 0 0 0 <i;^fltOcJ;»,4BM«i»6n)t. 

[0110] ±iase (2) ©7 V i'7=-^>4'{cj:orf# 

^nSSSf&©3*IS©^-^. l/a,RO-l/a.t*. S 
( 1 ) Kn^-rOeal-Crove*f*JUSC«:*JWSBfflRiy5B/ 

AfflK-en-enti^T-5*>©-c«)5. cc-c. Ei5~7 

K^-TT'-^f^S; (2) ^7 ^ v7=-^>i^l/-Cff/cl/ 
aiSC;fl/a,©fii<fc. Jij^l/fc Deal-Crov€©BffiS 

j>*B/Affl©35:®;fii<t>&«2K:^K-r. ^c*?. acti©rD 
Gj «. s i ■)xv^ (jss^^rtai. E:&fii : i i i ) (c^f 

0S1Cd:</X^BE lOlkPa (760Torr) (CfeW 
^ Dea1-Crove©3fcfiRfi*^t". 
[0111] 
[^2] 





1/a, 

(nmVmin) 


B 

(nni^/min) 


1/a, 

(nm/rain) 


B/A 
(nra/min) 




2.8 5 




8.0 2 






0.9 5 




5.6 3 






3.3 3 




17.29 




DG( K^-f ) 




2. 70 




5 


DGC-^xy h) 




86. 6 




7 6 



CO 1 1 2 ] cc[)j:^tc ( 1 1 1 ) :&r^ <D 

/'a 1 JtO' 1 / a , t*. Deal-Crovrfrf ^l/C^ K 7 Y ^fb<!: 



50 



CO 1 1 3 1 Oeal-Crovee'rJ!/CC<i:ntf. ±iEl//cBfiI 

so. iiiiswiRa^2<Di/a,fii («2j:o*n^n 



25 
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TIBS (3) sex (4) tcJ:OsfStL//co 



0. 9 5S:CN'3. 3 3)*. Dea1-Crovet7^;UCDJgJt»:0' 
X^E lOlkPa (760Torr) tCfB^T^il >ic 

•HiSSPdl (7klS:t^':^2volS^ ±EE0.133kPa(lJ0Torr)) CD 1 /a,fii(DOGffi^lii = 
0.95X 760/10/0.02= 3610Cnnr' /min) — ( 3 ) 

• 2 (7k^;^X 33vol9^ ^/E0.133kPaaOTorr)) <Z> 1 /a ,fii<^DGfiSfii 

= 3. 33X 760/10/0.33= 767Cnm' /min) (4) 



[01141 ?#en/cCtie»<Dffi«. «2CC^-rDea1-G 
POvet'r';l/<D»:; x y hMit<D^BS 6 . 6 (nmVmin)cfc 
^:K^^\ Dea1-Grove=e7";KDBfflCDitA«. SlSKlK 

urci^o cn*am-rti«. ±ies; (s) so' (4) 

(Dmmt. mm l S«>'2 CC4bHt -S^MStSi Oeal-Cro 

n= 1+ (2-a,-X> / (ax+2 
TMl^htli> (±KECDDeal-CroveCD5:SR#M) . 

[0116] c(Ds: (6) ^a^i^htifcnm^msj^u 

9tC7n-ro 08^*. ttS?6?!l2-efiSliL//c®YbISi??XCC 

1 sa' 2 Ltcmitmm ^ x cc*t-r n ffi^in-r ^ 

[0 1 1 7] I18J:0. F^-<K{t{Cj:Stb®M2cr)JS 

nfB« 1 2 OfSH^C* 0 . Deal -Grovel ("^ 

^cc:b%s ( 1 ) ) (fcu^cjit^m^^tifc. -ys. mn 

^SSW2 (7K^;^X3 3 v o 1 %) r/SmK;0^8 
5 O'CSO^l 0 0 O-CtC4c5l>-C(3:2fc(±(Dffl<b:rj:0, De 
al-Crove^ 7^ CCSet> 3&Ci C <!: A^SiS 3 n/Co 

[0 1 1 8 ] nfii?5U -'2(d$shcc^^^^ 



^ CO 1 1 5] H5-'7'rtf/i:3; (2) (om^^^ 

10 o/Co ^JSjSg<Og^ib*TfBS (5) ; 
dx/d t = 1/ (x-'-M - (5) 

(Dnfii«TiBS; (6) ; 

a,-X) - (6) 
★ (2) > *:»e>?^?>n/cl/a,. l/a»CDfii«r^MSa 

20 SfeC?«lRa^23fefycctfc«1»HC*jt:tS^faST <K) 

/c. 011 ^3:. HJSW 1 RU2^Z^(ctmm 1 tc46H:t ^ 
J?5cM2^T (K) (Dmcc^^T^ l/a.O^^fc^^T 
^/^:7r*-5o 04^. ft«L3S:Ci^L6t*SIJSe^aia)?^ 

mm L 5 R2>' L 8 t3:i:b®fi^l 2 (Dm^^nkr. 
[0 1 1 9] SI ORO^l l<D&iai6a<D*I^^^6f56n 
/c:Jgj;S(7)fStt{bx^.;l/^'-*^3CC7i^'ro **>i±rDea1 
-CroveCD:S:i5Sffl*a 3 CC^To 
30 [ 0 1 2 0 ] 
C«3] 





1/ajirM-r:& 


^ttfbx*;u=t£- 


(K10-" nJ) 


(eV) 


{X10-" nJ) 


(eV) 




3.8 4 


2. 40 


2.7 6 


1,72 




2. 1 3 


1.33 


-0. 08 


-0. 05 




2.3 9 


1.49 


0.54 


0,3 4 


DG( K^-r) 


1.99 


1.24 


3 . 2 0 


2. 00 


DGC^^xy h). 


1.14 


0. 7 1 


3.14 


1. 96 



[0121] cc-c. mjSLfm<Drmit3iJt^)i4f-, -t 

^J:to%l/a,CCMT•5r£tt^fcx;^J^^-{t. S i -^x 
/NCDS i - S i i^^<DSSiii*JU4^-«C^H,>i#^6 
n. DG ( K5-f) RUfOG (■:7x-y h> 6fc{C««|3I 
i^3. 2xi-0-"nJ ($fj2eV) ^ttsLX^.^ 
S. C*i«<:*fL, lt®[«Ja2K:*>-lt€.l/a,(cBg-r.Sy§ 
tt^tx*Jb^-W. ^3{C7nTitP< 2. 7 6X1 SO 



nJ (1. 72eV)r*»). DG < K^-^) Riy^DG 

n^n-O. 08xio-"nJ (-0. 05eV)S 
O'O. 54xio-"'nJ (0. 34eV)-CS)«3. D 
GROftW^eil 2 (DiEUctk L -c*> & 0 3 t/>fii-C*> o fc. 
CO 12 2] c©J:Ofeie56««}tcfcl:fS l/a.tcMT 



(15) 
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(Tie^ ( 7 ) : 

H,+ 1/20, = H,0 •• <7) 
r^Sn^raS) OSE&l^«s H. 1 ^>\'$>tcK> 19. 
9xlO-"nJ (12. 4eV)-C*»). cniiJb^ 
UftiS i - S i itt^<D)S?g|x*;U=*r-J:») «>S*»fC;^* 

[0123] ^^Hjfcj^nti. <F«9{c«*&snr!: 

i ■i7i>'^±■r•^a^). S i •i7j:^>ftffi». fi}\yi> (^*) 

si«:iii3n.5cit^cs. cn6©{k^?stta«. s 

i >>x/^|1l®{cSli^0. S i iSlSTSflgCCS i - S i 
CO 1 2 4 ] */c, «3J;0, l/a.KK-rSrSttYb 

xt';i'=r-4coi»r«. HJSt^ 1 Jtyf2«i:t©0!l2 (ctb 

{y-Ohttmttiryfc. l/a,tcRI-rSffitt{tx*;l/ 20 

CO 125] CC-C. HI 1 J;')^*51/a^{cM•r 
•5>rSe^kXJ^;^:r-CD{il (^3#fl§) «. SIJS^?!ltJ:b»5 

*j(-i-c«fi5c!Wi$iiiS{CDJSc£;il)gS^©ffittYbx ji-^^- 

(1998) JSAP Catalogue #M) . HJfe^CCfcW -5 1/ 

a.:R!>* 1 /a, ccggr-srstt'fbx^'ou^-offln. ^i? 

[0126] <*iiM3> ;^«;«/xjiiy«^*/;^©^JE 

fflAr^^bS-ltfcCiiil^HJ. IISfe{?i|lRDf2<hpl8l«:L 
rs i "?x>'^^i^^c®^b!S*?^sK$i±/•<:. RgJlB#r^«:*t 

•rSKibliJl$©7=-3f*^6. ±aiL//£©il5l«lK:i/ 
a. 

[0127] <j®£;^;^BE:^j«:Ba-r.s^^> 0 1 2 «. 

^tt?:7j^T^>©-C*S. ^cf. mMl^QmjfL 1 0(*> 
1 0 5 0 -CKCf 1 1 0 0*C®ti^€:jn-r. $/c. ifi^L 50 
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1 1 «^lg:*/X^9-BE(cM-r-Sif5m«r^KL/. C©Jg^©^ 
1 1 0 0-Cr«>^, l/a,fii«^ 
(BiSLi i©fflt«0. 0 

6) , 7m-»7.^s.<Dmii/zmcimti> (iSSL 

9RO'L10©M#». ^tl^tlO. 4 9 93S:O*0. 4 

0 9) C<b*i#i|BJL//c. CtiJ:*). *^;tf:^©^S?®ig 

t?sfeisr5<k^ffl. Rcjf/x«. •€-©{b^a*sre^r-s. 

[ 0 1 2 8 ] 0 1 3 «. 3 {Cfclt-S 3^ f >^^'rt^ 

E (JS)fc:;**^^lE) K^Ft-rS l/a,ffi©^{b€r7Kt-y 
7:7 -C^O. S4»©ftliL 1 2«l/a,a©^SJS// 
;^jae«c??1±«rm^. IScfcO. l/'a,ffll«?^ + >>'^rt 
dfelEE*ii^ 1 k P a (^8 T o r r ) ©ilf^Afii*^ 

l/a.ii©MT3&i51«i&Si«l6i«:*i. -fjCcfc-fe. 
S. 

CO 1 2 9 ] C©femJ:»3> ?f >>'-5f*J©^lI«rO. 5 
~2kPa (,*J4~1 5To r r) tb/c<t#©fi{itt 
^sjiiSSn/c, HfraiL/t<l:-5iC, C©)E:^*iO. SkP 

k P a 5 1 . ata4'«c^^L./c{b^«*ita5:f'Pffl 

[0 13 0] {^mA) wmm^ti^x. k^-/® 

{t«:J:i3 1 0 0 nm©^bM*iJ^6S§n. -e^^CV 
D&fCi'jm'^-'f^ (->';:3>:f-'(' h^-r K : S i , 
N,) *SfiSJ«3n. JgK^mcvN-ar-V (ix-fD-^hU 
ly^m) ifiJ^^tinfcS i 'i>x^^^ffll,»A:C iWi^tt. 

1 i loHttc b r ^fb>^ ^)ii©^{tMa?r?f o 
M) ■cis^o/cJS*. Mb'5-'rigM*J^fb3*irt,»sc 

[0131] {im.mh) ^FiJ4r-fflC>/c©<t[3lDS 

1 9x.'N5:?SiaffiSi*<!:U-C^fflU/cC<!:. JSKBI^gi 
Ur Furnace ^m^i^fcC tWWt. Jrb^J 1 tl^ 
#©K{bfli©fi)E^«:Wi5fi'c«iS€rtfo/t (F u r n a c 

EM-eii^i^fcftig. ^fb->--r^)R«KfbS4ar»,^^dCt,i 

[0132] {im.m) sjt.*'x t u-c^ia)^fiS3-i± 
fc7k5> (;^^-A) ^m\.^tcc tw\ki. immbt'm 

mic L,-ClSmBM^Vi'3tc. (Furanace ^SHCc 

ss^LfciKS. ^{b^r-r^)!S«^fb3nrc»>it:.c i*J 
[0133] <sit.^f8«:KTe#^> «±©^ifeWS 
1 ) ER^j£«:*sWS»a«IlS©iSe[S»r*& 1 / a 
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[0 134] Ctif^<VCt<t:*). ^^wcj:imm:f3ii. 

im^>tcm&micis»imimm&L<Dimit, s i '^x. 
i&trjiit^m iit^mm^m) amitm^f-i: ux^v: 

[0 135] {mmmsy w&mmwtLx. k^-/k 
tec t&.mt. mmm 2 tmmK. oxmit-tr -{^mo^m 

^bA!ia*tf •:>fc, fiSJSSS* 1 0 5 o-c. fsummi: 1 20 

5 0 s e c i Vfc^f^xmmLfcS i •?x^^<^>fi!^MS|5{4 
?:TEM-Cil^0/c<fcC5. ^'^--i'SlgJhCCgJib^^ 

^M*50J!S; $ nr 5 c i jostis! s nfc. 
[0136] <mit^ -(mm<Dfizmms.<Dmm} mmm 

mitir^mm<Dm$iTEMxmML. ctnt,(Dmmii 

m'moymt^kZ. 0. 093nm/'sec (fiKMSlK 
1 0 5 0 'C. JSSIg^ra 1 5 0 s e c ) t?*-^^. 30 
[0137] Cn(C>FtL. (O. D. Trapp, et al. , 

r Semiconductor Technology HandbookJ , Fig. (Xltwr 
ION OF SijN. IN STEAM, Page 3-10, Technology Assoc 
iates) {CJ;n«> Sf^O-i;*-:; h^^bfifetc Jc^^-fb-S- 
^mm<omi^mt. O. 0092nm/sec (fiSM 

iaa 1 0 0 o'c. mmr^^y- 1 o' s e c > ) . s 

O*. 0. 0 3 0 6 n m/s e c im^USS. 1 1 0 0 "C. 
fi!cMB#^3 X 1 0' s e c ) r*-5o 
[0 138 1 cn?>=&hb®-r-5i. fiS5j!i3SS©l?ffiCC*s 

0 0*C) (CJtUr. $«I-tfT?^#&fii?:^L--C*JO. HJS 
W5 J:0 tl?SlgS^dSiSt>3i3SRfii im^fS. 110 0 

•c) Ki:b-<-c€>, mz{mi<om.in<\^x\.^i>. c©*sm 

*^HJ©Jdy8:^ffitcj:ti«.^{blS^M^b5aar 
[0 139] 
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[0 1 ] *^Bg{c<t5fiXgii|g©JJ^i5cilig?^®<D-gp 
[Bl 2 ] 2(:|ei!§{c<i: 'S^^SCD^'^jrllji^SgODl^ 
[03] s^liBJ{C<fc5sya«M©5?®%SISS3^Si{CteW 

[04 ] 1 Riy^ibi^fiai 1 ^is^^mmm^trnm 
t(Dm^^7f^rif'7vx&i>. 

[S5] J:b$5t?!l2K:*jWSfi)yi^PatMJli©K«?:* 

[06 ] J|*S^!l 1 «ctelf e^lI#raiJg|;iicr>M^«:^ 

■tif'y-yxibi,. 

[08] tbfiJ^j 2 -cfixii 0 /c®t{ b)^ s X «c*t-r S n fit 
[09] ii]SiF!iisa'2-e^i,/cK^bK;ssx{c*fr 

■S n ffl^TTKT y ^ :7 -C* -S. 

[010] HJSPd 1 R0'2a£0'K:i:b®M 1 KfcWSfiJE® 
SffiT (K) ©jmcCji^-^l/a.^gE^b^^-ry? 

[011] jIMPd 1 R(y'23fe{>'«:J:l:gJ«aj 1 «:*jW<bfi£M 
iaST (K) ©2^K:S*-r-5I/a,<D^^b*^T4^7 

[012] mmm^ ic^i'ii>^[t^*f:^^KiicM-ri> i / 

a . ffi<D^{ b*^^-r 4^ 7 :7 T? * S . 

[013] mmm3 vn^n^y-^ >^<ff^±K (sic*/:^ 
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